A wide variety of esters have been utilized as substrates for the measurement of the esterolytic activity of serum. From these studies it has become increasingly clear that there are at least two distinct esterolytic enzymes, esterase and lipase. Esterase is abundant in liver, kidney, blood serum, and pancreas, preferentially hydrolyzes esters of short chain fatty acids, and is inhibited partially by sodium taurocholate (1) (2) (3) . Lipase is abundant almost exclusively in pancreas, preferentially hydrolyzes esters of long chain fatty acids and its activity is accelerated by sodium taurocholate (1) (2) (3) . Although the measurement of serum esterase has not been demonstrated to be of clinical value, the measurement of serum lipase has been found to be useful in the diagnosis of pancreatic disease (4, 5) .
The three methods described for the measurement of serum lipase use, as substrates respectively: tributyrin (6); "Tween," a polyglycol ester of stearic acid (7); or olive oil (8) . Because "Tween" and tributyrin are extensively hydrolyzed by esterase as well as by lipase, the most widely used method is that of Cherry and Crandall, which titrates with N/20 sodium hydroxide the fatty acids liberated when 1 cc. of serum is incubated for 24 hours with an olive oil emulsion. Although this method may be reliable in experienced hands, technical difficulties, such as the unsatisfactory end-point in the presence of protein, instability of the oil emulsion, and occasional spontaneous hydrolysis of the oil, limit its usefulness as a routine laboratory procedure.
Following the development of a histochemical method for demonstrating esterase (9) acid esters of beta naphthol were prepared (3) and their hydrolysis by the esterolytic enzymes of several tissues in several species was explored, together with the effects of various known inhibitors and accelerators of esterase and lipase activity (3). It was then found that the lipase content of dog serum could be measured accurately by these newer substrates. Increases in serum lipase after injection of mecholyl and eserine could also be readily demonstrated in dogs, particularly when lipase activity was stimulated by sodium taurocholate (10) . The latter effect was so constant and striking that the substrate, beta naphthyl laurate (I) which is hydrolyzed by both esterase and lipase, can be used to measure each of the enzymes accurately by a convenient colorimetric method. The beta naphthol (II), produced by enzymatic hydrolysis, is converted to a purple azo dye (IV) by the coupling of two molecules with tetrazotized diorthoanisidine (III). This pigment is then extracted with ethyl acetate and the optical density measured colorimetrically. A With normal serum, the color density of the tubes without taurocholate was greater than in those with this reagent, which partially inhibits esterase. The greater values obtained in the absence of taurocholate are a measure of non-specific esterase 5 activity (Table I) . However, when lipase is present in the serum, the color density of the tubes containing taurocholate is greater than that of the tubes without it, because of stimulation of lipase activity by this substance. The difference in the color density between the tubes is related to the amount of lipase irrespective of the esterase content ( Figure 2 ). Color density is converted to milligrams of naphthol from a calibration curve (Figure 3 ), prepared by substituting various quantities of beta naphthol for the substrate solution and carrying out the procedure outlined above.
One unit of lipase is herein defined as that quantity of enzyme, which in the presence of sodium taurocholate is able to liberate 0.01 mgm. of naphthol from beta naphthyl laurate in five hours at 37.5°C. in excess of that Table I .
The small amount of hydrolysis of olive oil obtained by the method of Cherry and Crandall (8) in normal serum, attributed to traces of lipase is, we believe, due to esterase. In contrast to man, lipase was demonstrated in the serum of normal dogs by our method (10 (8, 12) . The results in cc. of N/20 sodium hydroxide and in lipase units are given in Table II . Three of these determinations with the titrimetric method fell within the normal range, three others were slightly elevated, and two were substantially elevated. In contrast, the colorimetric method not only detected increased lipase in every specimen, but demonstrated that the lipase concentration paralleled the concentration of added pancreas. Moreover, while the titrimetric method required 24 hours of incubation, the calorimetric method required only five hours.
Comparison of sensitivity of lipase and amylase determinations A markedly elevated serum amylase is considered indicative of an excess of pancreatic enzymes in the blood. In order to compare the sensitivity of the two methods in detecting pancreatic enzymes in serum, small amounts of homogenized pancreas (0.02-0.06 mgm. per cc.) were added Somogyi (13) . Normal up to 100 units. $ Lipase unit is defined as that quantity of enzyme which, in the presence of sodium taurocholate, is able to liberate 0.01 mgm. of naphtholfrom beta napthyl laurate in five hours at 37.5' C. in excess of that liberated by the esterase present in the same quantity of serum.
to normal serum. The results of lipase and amylase 7 determinations are given in Table III . Although the lipase content of serum was demonstrated and correlated with the concentration of added pancreas, the amylase values were all within normal limits. This is surprising since the lipase content in some instances was near the upper limit of the method. Around 1 mgm. of pancreas was required to give significantly elevated amylase values.
Abnormal human serum
In the course of this investigation, three patients presented themselves for study. Two of these had a past history of pancreatitis, and were admitted acutely ill with the symptoms and signs leading to a diagnosis of recurrent acute pancreatitis. In one (S. S., No Somogyi (13) . at operation five months previously. His serum (0.2 cc.) contained 0.5 units of lipase.
DISCUSSION
The determination of serum lipase has been shown to be of value in the diagnosis of pancreatic disease (4, 5) . Reasons for the lack of general clinical use are probably found not only in the technical difficulties of the methods, but also in the lack of specificity for lipase particularly with substrates other than olive oil.
Although it has been recognized that liver, kidney, pancreas, and serum possess an esterolytic enzyme efficient in the hydrolysis of esters containing short chain fatty acids, and that pancreas alone readily hydrolyzed the long chain fatty acid esters, the classification of enzymes on this basis alone was subject to doubt, because of overlapping of enzymatic activity. It seemed likely, therefore, that the use of any ester as a substrate would theoretically measure both esterase and lipase if present together. For example, since human serum is extremely rich in esterase, the question arose as to how much of the observed hydrolysis of naphthyl palmitate-stearate (10) and of laurate was due to esterase. The difficulty was circumvented by the use of an observation described long ago (1); i.e., that taurocholate stimulated lipase activity and depressed esterase activity. This not only provided a degree of specificity not possessed by other methods but also increased the sensitivity of the method. It was possible to show by the absence of stimulation by taurocholate that naphthyl palmitate-stearate (30 unpublished cases) and to a greater degree, naphthyl laurate, were hydrolyzed by non-specific esterase in normal human serum. These considerations probably explain the discrepancy in reported lipase content of normal human serum by the titrimetric method with olive oil as substrate and the absence of lipase by the calorimetric method. The lipase stimulating action of calcium oleate has been used similarly to improve the specificity of the determination of serum lipase with the substrate, tributyrin (14) . With this method human serum did not contain lipase.
Several interesting observations were noted in the brief clinical experience with this method. In addition to the three cases reported above, seven others were found not to have lipase in their serum, although they were reported to have elevated levels of serum amylase, urinary amylase, or serum lipase by. the titrimetric method. Two of the three patients shown to have lipase in the serum by' the colorimetric method, showed very high levels of amylase activity, out of proportion to the lipase levels. This lack of correlation between the two enzyme levels is consistent with the experiments in which pancreas was added to serum. Experiments are in progress to clarify the apparent lack of correlation between the serum amylase levels and the serum lipase content as determined by the titrimetric and colorimetric methods. SUMMARY 1. A new method for the determination of serum lipase is presented. This colorimetric method is specific, sensitive, and convenient to perform.
2. The colorimetric method for lipase is compared with the sensitivity of the titrimetric method.
3. A new method for the determination of serum esterase is also included. 4 . Results with 50 normal sera and three abnormal sera are given.
5. The serum amylase levels were not found to correlate with the levels of serum lipase or with the lipase content of pancreatic tissue when added to serum.
